Purdue University

Purdue e-Pubs
International Compressor Engineering Conference

School of Mechanical Engineering

1990

Check Valve Movement in a Scroll Compressor
S. Grunwald
United Technologies

W. Beagle
United Technologies

Follow this and additional works at: https://docs.lib.purdue.edu/icec
Grunwald, S. and Beagle, W., "Check Valve Movement in a Scroll Compressor" (1990). International Compressor Engineering
Conference. Paper 764.
https://docs.lib.purdue.edu/icec/764

This document has been made available through Purdue e-Pubs, a service of the Purdue University Libraries. Please contact epubs@purdue.edu for
additional information.
Complete proceedings may be acquired in print and on CD-ROM directly from the Ray W. Herrick Laboratories at https://engineering.purdue.edu/
Herrick/Events/orderlit.html
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Stefan Grunwald
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Wayne Beagle
Development Engineer
United Technologies, Carrier
Syracuse, New York

ABS'l'RACT

In a scroll compressor it is general! y accepted that a cheek
valve is necessary to prevent reverse rotation of the scrolls. Many
designs utilize the discharge plenum of the compressor for placement
of the valve.
In this region the valve is subjected to discharge
pulsations and their resultant forces.
It is necessary to gain an
understanding of the flow induced forces and valve movement in order
to ach~eve proper valve function with minimal performance and sound
degradation.
This paper describes the methods used
empirical analysis of a scroll check valve.

in

a

theoretical

and

Il'fTRODUCTIOJ.II

The purpose of a check valve in a scroll type compressor is to
prevent the reverse rotation of the scroll elements wi tho1.1t adding
significant compressor noise.
Reverse ~Cotation is ca1.1sed by the
p•essure differential between the discharge and suction plenum
pressures when the compressor is shut down or a power interruption
occurs.
The prevention of reverse rotation immediately 1.1pon interruption
of compressor power is desirable.
If reverse rotation 1s allowed,
damage to the compressor may occur due to insufficient lubrication.
Addit1onal damage to the compressor can occur if the compressor is reenergized while the scroll elements are being driven in •everse by the
pressure differential,
as wo1.1ld
occur during
a brief
power
interruption to the unit.
If this were to happen the compressor may
continue to operate in reverse, and could result ~n the ultimate
fai 1 ure of the compressor.
Even if compressor fai 1 ure were not to
occ1.1r, 1.1naceeptable noise will result.
Additionally, it is necessary to place the check valve as close
to the discharge port as possible in order to reduce to a minimum the
volume of discharge gas avai 1 able to drive the scrolls in reverse
after the valve has engaged.
It is for this reason that externally
mounted,
commercially available check valves are unacceptable.
However, placing the valve over, or sealing on, the discharge port
subjects the valve to pulsations inherent to the scroll compression
process. Large pulsations occur due to over or under compression
wherevet" the compressot" operates off the designed pressure ratio.
These pulsations can cause the excitation of the valve result1ng in
1ncreased compressor noise.
Adding to the complexity of the check
valve response ~s the fact that the discharge pulsations change
dramatically with a change in compressor operating conditions.
Common solutions for scroll compressot" check valves include reed
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valves, free floatin g valves, and ball type valves.
Althoug h these
can perform satlsfa ctorily in the preven tion
of reverse
rotatio n, they all produce varying degrees
of
regl ons Wl th~n the compre ssor operatl ng en vel noise at specif ic
ope.
One
inheren t
benefi t of scroll compre ssion is quiet operati
on, a feature of
increas ing importa nce to the consum er.
In order to take full
advanta ge of this benefi t it is desirab le to reduce
if not elimln ate
the acoust ic impact of the check valve
withou t reducln g its
effecti veness .
des~gns

THEORETICAL ANALYSIS
The theore tical analys is involve s the investl gation
of a free floatin g
type check valve as illustr ated in Fig i.O. This
type of check valve
was selecte d for analys is because of a direct correla
tion of the valve
respons e to the gas pulsatio n.5 and, more import
antly, flexibi hty- of
the design that allows various mass and damping
config uration s.
The
dischar ge gas pressu res were obtaine d using
pressur e transdu cers
mounte d near the dischar ge port of a scroll compre
ssor.
The motion of the check valve was analyze
d using a
simple
spring/ mass/d amper system subjec ted to the force
of the dischar ge gas
on a fixed area.
The effecti ve area of the valve exposed to the
flow
must be larger than that of the scroll dischar
than the interna l diamet er of any tube or counte ge port, but smalle r
rbore that may be used
to guide the tube in the vertica l directi on.
The
followi ng analys is was 0.50 square inches. In this area used in the
case the valve was
all owed to travel from the scroll dischar ge
port to a vertica l
distanc e of 0.30 inches, guided inside a counte rbore
of limited radial
clearan ce.
For a damped vibrati onal system subjec ted to a
period ic
fc:>rclng conditic :>n of a genera l type, the differe
ntial equatio n of
motic:>n would be as follows :
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Three compressor operating conditions were selected in the
analysis in an attempt to fully describe the forces exerted on the
These conditions and their resulting forces (using the fixed
valve.
area desct~bed above) ate displayed in the following figutes.
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CHECK VALVE FORCE (55 SST / 90 SDT)
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FIG 2.3
The result ing forcin g functi ons
be expre ssed as an expli cit functi on. areItirregu lar in form and canno t
was theref ore neces sary to
evalu ate the forcin g functi on and the diffe
finite differ ence metho ds. Using this metho rentia l equat ion using
develo ped allow ing variou s spring const ants, d, a compu ter model was
forcin g functi ons to be entere d. The value dampi ng coeff icien ts, and
s for the spring const ant
(k) and the dampin g coeff icien t (c)
set at small non-z ero value s
in order to simul ate a free floati ng were
valve movin g in the disch arge gas
flow with no extern al spring s prese nt
fig 3.0 ) .
It was also
neces sary to incor porat e the impac t of (see
the valve at both limits of
trave l. A perfe ctly elast ic collis ion was
assum ed, thus the veloc ity
was reset to zero and the accel eratio n vecto
r revers ed in direc tion
at each instan taneo us impac t point . The follow
tng displa cemen ts were
gener ated in figure s 4.1 - 4.3.

DISCHARGE PORT
FIG 3.0
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CHECK VALVE MOVEMENT ( 45 SST / 130 SDT)
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As expecte d the valve respons e was differe nt at
each conditi on
both shape and total displac ement.
It should also be noted that
the simulat J.on predic ts contac t between the .valve
and at least one
surface at each of the three conditi ons investi
gated.
SJ.nce impact
of the valve (and any other compon ent) is conside
red unacce ptable from
an acoust ic viewpoJ .nt, further investi gation
was necess ary.
The
s~mulation was modifie d in order
to explore the motion of the valve
under various sprJ.ng forces.
~n

In this investi gation a spring force was found
the travel of the valve ln a manner such that contac that would limit
t with any surface
was elimin ated at the baselin e conditi on of 45F
It
was, howeve r, desirab le to elimin ate check valve SST/ l30F SOT.
of the compre ssor operati ng condit ions. The simulanoise at all three
tion
was therefo re
further modifie d to loop through a large number
of spring consta nts
in an attemp t to determ ine one that would not
allow contac t with any
surface at all three conditi ons. A further constr
that the spring consta nt could not be so great aint was introdu ced;
that the valve would
fa~l to open.
The result of this variab le spring
a faJ.lure to find any one spring constan t that constan t loop was
would satisfy the
require ments at all three conditi ons. Two additio
nal loops were run;
one in which the mass of the valve and the
spring constan t were
vaned, and a second where the valve was additio
nally allowed to
contac t the dischar ge port. These loops yielded
the same result; no
solutio n given the constr aints.
It was therefo re determ ined that while a spring
assiste d free
floatin g type check valve (and conseq uently reed
and ball valves) may
perform satisfa ctorily in the preven tion of reverse
rotatio n, they are
likely to produce unacce ptable noise at various
conditi ons within the
compre ssor operati ng envelop e.

EMPIRICAL AnALYSIS
To verify the results of the simula tion program
, the actual
vertica l moveme nt of a check valve was measur ed
in
compre ssor. The compre ssor and valve were modifie an operati ng scroll
d
effectJ .ve valve area, radial clearan ce, and verticato match the same
l travel as that
in the simula tion.
The vertica l moveme nt of the valve was monito red
us1ng a proxim ity transdu cer.
The tr-ansd ucer was mounted above the
valve and targete d on a metal plate fixed to the
top of the valve as
illustr ated below in fig 5.0.

FIG 5.0
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A t•ace of the valve movement without a sprlng was reco•ded at
a compressor operatlng condition of 45 deg SST/130 deg SOT. The trace
of the actual valve movement versus the corresponding simul ati·on·
results can be seen in figures 5.1 and 5.2 respectively.

ACTUAL VALVE MOVEMENT
I 130 SOT) 33,000 BTUIHR
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FIG 5.1
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FIG 5.2
Both traces display a similar mode shape and magnitude of the
The calculated percent error of the
largest periodlc displacement.
measured versus the predicted displacement was 5.7%.
The operating conditions of -25 deg SST/100 deg SDT and 55 deg
SST/90 deg SDT were also tested; however, the limlted range of the
pro~lmity transducer would not allow measurement of the total valve
A further acoustic investigatlon at these operating
movement.
conditions was performed, confirming that the valve was contacting
both limits of travel as predicted using the computer model.
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The

check valve was also modifie d with various springs
of
spring rates in an attempt to elimina te the excess1 ve
notse
due to the ~mpact of the valve. All spr~ng configu rations
that were
tested produce d an unaccep table level of noise.
d~fferent

SUMMARY

A compute r s~mulation program was develop ed modelin g the
movemen t
of a check valve in a scroll compres sor mounted directly
over the
dischar ge port.
The results frgm the compute r model were verified
with the actual recorded displace ment of a valve in
an operatin g
compres sor.
Both the simulat ion and actual measure d results
demons trated the complex nature of the valve respons
e for the type
tested.
The s1mulat ion was cycled through a large number of
spring
constan t and valve mass variatio ns in search of a combina
tion that
would elimlna te valve contact and resultin g valve noise.
It was determin ed that althoug h a spring assisted
check valve may perform satisfa ctorily in the prevent floating type
ion of reverse
rotation , it is likely to prgduce unaccep table noise
at various
condit1 ons within the compres sor operatin g envelop e.
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